Mercaptopurine (MP) belongs to a general group of drugs known as antimetabolites, and is used to treat several types of cancers, including leukemia. MP interferes with the synthesis of nucleic acids, and thus disrupts the growth of cancer cells, which are then destroyed. However, because this drug can not distinguish cancer and normal cells, it causes side effects, since some normal cells are affected. Therefore, it is important to develop sensitive quantitative methods for controlling its administration.
Introduction
Mercaptopurine (MP) belongs to a general group of drugs known as antimetabolites, and is used to treat several types of cancers, including leukemia. MP interferes with the synthesis of nucleic acids, and thus disrupts the growth of cancer cells, which are then destroyed. However, because this drug can not distinguish cancer and normal cells, it causes side effects, since some normal cells are affected. Therefore, it is important to develop sensitive quantitative methods for controlling its administration.
A number of spectrometric and fluorometric methods have already been successfully used for determining MP. For example, Tawa et al. developed a sensitive fluorometric method, based on the enzymatic oxidation of MP with xanthine oxidase to the oxypurine, followed by oxidation with acidic chromate to the corresponding fluorescent sulfonate. 1 Several liquid chromatographic methods have also been described. [2] [3] [4] [5] [6] Jonkers et al. determined MP in human plasma using HPLC, including post-column derivatization and fluorometric detection. 4 Van Os et al. measured MP using solid-phase extraction and reversed-phase HPLC. 5 Georget et al. determined MP in capsules prepared for paediatric patients by capillary zone electrophoresis. 6 Chemiluminescence (CL) has been exploited with a wide range of applications in different fields, such as biotechnology, pharmacology, molecular biology, and clinical and environmental chemistries. [7] [8] [9] [10] However, only one CL method was reported for the determination of MP, which was based on reactions among tris-(2,2′-bipyridine)ruthenium(II), MP, hydrogen peroxide, Tween 20 and hydroxide ion. 11 In this method, the mixing order of the reagents considerably affects the CL signal. Still, a simple and convenient method to measure mercaptopurine would be highly desirable.
Here, we report on such a simple and convenient CL method for the determination of MP. We found that weak CL emitted after mixing H2O2 and luminol under alkaline conditions could be greatly enhanced by MP. Most importantly, this new reaction had a longer light signal, which was very convenient for routine applications, especially with a simple setup, since the mixing of CL reagents could generally be performed outside of the measuring device. Based on this fact, a simple and robust technique for the convenient measurement of MP was developed. The linear range was 1.5 mM -5 µM with a detection limit of 1 µM. Overall, the proposed CL method was simple, convenient and sufficiently sensitive for the determination of MP in the drug powder.
Experimental

Chemicals
A stock solution for 10 -2 M MP (Wako, Japan) was prepared by dissolving in 0.1 M NaOH. Other standard solutions were made by gradually diluting relative stock solutions with 0.1 M NaOH containing 2.5 mM EDTA. Hydrogen peroxide, luminol and other organic compounds were also purchased from Wako, Japan. An MP-containing drug, Leukerin, was obtained from Takeda Pharmaceutical Company, Japan.
CL detection procedures
Light-producing reactions were carried out in 12 × 75 mm disposable culture tubes containing 10 µl of 50 µM luminol. A portion (100 µl) of 0.1 M Na2CO3 and 20 µl of 1.0 M H2O2 were added. After distilled water was added to adjust the total volume (200 µl), the tubes were placed in a luminescence reader (BLR-201, Aloka, Japan).
Then, 30 µl of different concentrations of MP was injected and the cover was closed to initiate CL. The signal was displayed and integrated for a 10 s. interval in arbitrary units. The kinetics of the CL was monitored on a recorder connected to the luminescence reader.
Results and Discussion
The reaction mechanism of the luminol system has been extensively studied. The excited state of 3-aminophthalic acid was confirmed to be an emitter. The luminol reaction occurs under a wide variety of conditions. A specific analysis using luminol requires the chemical conditions to be controlled so that the CL intensity is proportional to the concentration of the species of interest. Kinetic profiles with and without MP are shown in Fig. 1 . Without MP, the oxidation of luminol by hydrogen peroxide is a slow reaction process and only emits weak CL. It was found that the background could be greatly decreased by adding EDTA, since this background is probably caused by metal impurities in the CL reaction reagents. 12 Both the signal and the background were decreased with increasing EDTA concentration, but the signal/noise ratio was greatly improved after adding EDTA (1.25 -5.0 mM).
As a compromise, 2.5 mM EDTA was used to prepare both the standard and sample MP solutions in following experiments.
The shape of the kinetic profile was greatly affected by the reaction pH. The maximum signal was highest at around pH 10. However, even in an unbuffered 0.05 M Na2CO3 solution (pH 11.6), about a 70% signal was observed. For convenience, the following experiments were performed in a 0.05 M Na2CO3 solution. A signal was also observed in other buffers, such as borate-NaOH, but was comparatively smaller than that observed in NaHCO3-Na2CO3 buffer.
As shown in Fig. 2 , the kinetic profile was greatly affected by the concentration of H2O2. At a lower concentration of H2O2, the signal slowly increased, and took a much longer time to reach the maximum value. The maximum signal was increased from 0 to 0.1 M, and then was almost constant between 0.1 -0.2 M. Therefore, 0.1 M H2O2 was chosen as the optimum concentration in the following experiments.
Although both the signal and the background were increased with increasing the luminol concentration, the signal/noise ratio was highest between 0.25 µM and 2.5 µM luminol. Therefore, 2.5 µM luminol was chosen as the optimum concentration in the following experiments.
Since some radicals, like singlet oxygen and the hydroxyl radical, are usually involved in CL reactions, 13, 14 several specific quenchers were added into the reaction solution. As shown in Fig. 3 , about 95% of the CL intensity was inhibited by the addition of 0.025 M dimethylfuran and 7% of the CL intensity was quenched by the addition of 1,4-diazabicyclo[2,2,2]octane, which are generally used as singlet oxygen scavengers. 15 Besides, about 40% of the CL intensity was inhibited by the addition of 5% methanol and 60% of the CL intensity was quenched by the addition of 5% DMSO, which are generally used as hydroxyl radical scavengers. 16 Although these compounds normally may not exist in most samples, special care should be taken when using this simple method in real samples.
Under the proposed experimental conditions, with a batch method, a log-log calibration graph in the concentration range 1.5 mM -5 µM showed a linear correlation (r 2 = 0.992), represented by log I = 1.079log C -0.836, where I is the maximum signal at 3 min and C is the concentration of MP. The detection limit of this new reaction was 1 µM with our simple setup. The relative standard deviation (n = 5) was 2.8% at 8 × 10 -5 M MP.
The proposed CL technique can be easily used for the determination of MP in the drug. First, a 5 mg volume of the drug powder was dissolved in 100 ml of 0.1 M NaOH. After centrifuging, 10 ml of the supernatant was diluted to 100 ml with 0.1 M NaOH containing 2.5 M EDTA. The MP amounts were determined to be 101.5 mg/g with a relative standard deviation of 3.5% (n = 5), which were in agreement with the labeled values (100 mg/g powder).
Conclusions
A simple and convenient technique for determining MP was reported, based on the enhancement of MP on weak CL between H2O2 and luminol. MP in the range of 1.5 mM -5 µM could be conveniently measured even with a simple setup, due to its long-lived signal. Although the sensitivity is a little lower, compared with other enzymatic and post-column derivatized fluorometric methods, the proposed technique is simple and convenient, robust and sufficiently sensitive for the determination of MP in drug powder, etc. In this laboratory, further studies are currently being carried out in order to optimize the experimental conditions and to further improve the sensitivity for the detection of MP in biological samples.
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